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Thr (*i>nvyhv(‘ oC a, |,|,erma,lh im.staMr \hv a(nH)snJuMv i.
rousKkW  111 Mu. pivsom-c of eITtuts ol tinilr La.inni nuliiis and Hall 
;|m‘r>nt.s, UAuwj, m1,o aoconnl, t lu- pnssduliU ttl' ladinlnt^ liuaMranMur 
llie ts asKimio.1 (,o l,o pcniK-atc.'l by a imirraiii •^(.Itl(•al iiiafi-
iiclic helrl atiil (n be rolatiii!..: iimli.iiiily abuiil (In' \ciiical axis. It is 
imiiiil that the critorii.u Ibi' iiioiKilniiic iiislabililv is ik.( arii'ct.'il by ibe 
fircsf-nce r>j' l.hcsc ctTccIs.
I LnT1M>I>TH'”!'JON
Dfdrxiw (M)70) sMulied Mio ro n vro lw i^  insliahilhv (m vvlduli nu»titxis aiv dnv<‘u 
1)^ ' hiioyaiiuA'' 1<mc(.is) ol a ili(u-ma.ll\ imsiahlr sUdlar a(.m(ts]>lu‘M‘ I)(‘sii;naMn:u; 
Mils ty|>u ol i iis ia lx ldy as a. Minjnal ('oii\'(.cti\^u mstahilily, hr has shown Miai a. 
tlu'rniaJjy iiiisl.ahit' aiinospiu'rr also ron.\ (u*1 iv(‘l\ iinsiahli* Hr has also sIioami 
Muili th(^ . ('riic'j ion for jnoiuttouu* mslahilil \ is yi\aui h\
- ( L r -  ;y/’" fl)
h nrtK(U' lir hu/S iu(‘Ittdrd l lu* rlIrrtiS ol l arl ial i^ a; i.raiLsIrr on thl^ inst ahilil v' yu'olihnii, 
riu* .souif.r tiincMons ;S' Avliioh, Ira.d lo Mu‘ Mu'rjnal-ronvf'rl.ivf^ insiahiliiy (mind 
i.() sal isiV Mio inrqualily
( S r -  fJXiS,,) - _ 0 (2 )
symholK iji (U|s, (1 ) and (2 ) ait. dedinrd as lolloAvs : (!j, is syx.rilir luail. al cons­
tant pressnn*. f) is (Irnsity, I' is waAa. mini hr i-, 7^  is tcnquMaliii-r. L  is I h(. Ju.atdoss 
Jimi.t-ion. X  tlio cornicirut of tliri inonudiir rondiicl iA'itv and a  is iJic cooiricimd. 
of thermal ex]Aa-nsion The snhsei'ipts on L  anrl S  dnioU. ]>art ial diM ival ives ol’ 
tlies(‘ tnnel.ions with, lespia.i. to 7' and p  (‘\''alna1cd in Mu. (Mpiilihrimn s1at(\
Tli(. olfecls of a nnil'orm lOtaMon and a nnironn niajjinrtir fu'lfl \N (.i r examined 
sopnrafely by him and simulianeonsly J^ hatia (11)7la).
Bhatifi (11)71 b) also iuclndod the effrrts ol' radiatisn. transfer on Miis problem 
in the presema. of the effects of a uniform lolation and a imij'orrn inaj^netic field.
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Th<^  sani(‘ y)robl(‘jii lias also stiulicnl njon  ^I’ac e^ntly by Shanua &. Kriti Prakasli 
(107/)), Sliarma (1074) has also rxlcMidcd tlu^  pio()Jein. sliidiod by Bhatia (1071a). 
to iiicludo olircts oi rmi((‘ LaiJiior radius aiifl Jlall (‘iiiT(‘nts which arc coiivcni- 
ctdly lakco iutro accouril, r(^ sp(*(‘ti\x4y, in th(^  plasma, slicss tcMiso?- and gcxicralized 
Oluii s la^ ^^  Imm’ silualious of astropliysical iulcj(*st 1 jics(^  influences W(‘r(^  found
1.0 have jio crf(‘(4 on ])asic cojidilions lor o(a*ini(Mi(‘c o1 llu^  convective instabi- 
Ijty. It may. tlieiftidM  ^ bi^  oi’ ijdf‘j(\si. io exanibu' th(^  induonco of tlv(^  effe(‘ts 
of V. Ij. It. and Rail cinrenls on tli(‘ llunjual-conveadive* instabiJity in stellar 
a.trnoHplua'(‘ when tlii‘ (d'fecls of radiativ(' transfer arc* imdudcal. 44iis aspect fonns 
1 h(^  sul>j(H‘j maltcM- of lli(‘ |)i(\sent study. The ohjeadive is 1o determine* if tin* 
condilions For o('(*ni (a]C(* of tin* instahilif y arc clianiiefl b\ l lu'sc* cooy)eiative effecds. 
Tln^  configuration is modcdlcd as an inlinile hoiizonlal lay(*i‘ which is rotating 
imifoiinly aljoul a '^'(Md/lcal axis \ a\ .  f i  (0, U, <>) and is ]>(Mni(wit(*d b\ a uniform 
vcad ic^ al inagncd ic^ fadd //(O. 0. //) and gravily forca* g^ (0, 0. —f/). If' is assnmeal 
that th(^  Huid is boiiiuh'd b\^  Iwo IVca* siirFacc's. where the imulinm adjoining tin* 
fluid is (dca-trically non-conductmg. dlie radial in* t ransfer ('fleets ar(^  inciiuled 
with tlu^  hcl]) (d’ Eddingt.on approximation i\ disjansiou redationship is (hwived 
wherc^  shows I hat the (M>ndit ion for instabilily rc'mains unchajigtd by t-lu‘ combiiu'd 
(‘ffects of rotation. Jiiagnetic field, liiiif.f* J^armoi radius and Rail laii'icnts.
"2. I’ KitTiiRTiA'nox Equations
liCt. Sp, f'lP, u(a. r, tr) a,nd <hmot(* the peit.nrbatjons, r(*sp(*c-
t.ivcdy, in density/), st.r(\ss tc'nsor P. vadocity and magindii* ti(dd //. Let gf, ?/. iV 
and c denote llw^  gravitational ac(‘(deiation, the kiiumiati(* viscosity, tin' ri'-sisli- 
vity , tlie (dcic.troii number density and (dvarg(‘ o f an electron, juspcvdively. Tlicni 
the linearized hydromagiK'th* perturbation efpiations ri'lcAninf, t(> the yiresent 
probhmi arc* ;
^ 'w
■ V' '^P+P"V“H -f--/'(u  ^ft) + 4^(V h) X //+, (3)
V-u - t'- V ft '*• (4 )
,v .
( H - v ) u  ^-ilV'-h -  ( ) v  '<r(V>' h ) ^ . H l (5)
As in Defonw (1970) and Bha tia (1971b) we shall include the effect s of radi­
ative transfer with the help of Eddington aiiproximation, the usefulness of which 
in gas dynamics has been ]K)intc(i out by Ibino Spiegel (1966). These authors 
have also omplmsized the aecura-(\v of the approximation in botli the optically 
thick and optically thin limits. By an elementary generalization of a formula
givc'u L»y tlicuo autlioih one fuu doiivo llic i’olKiwirig lit'id oqiialioii lur a gray
Convective instabilily in a Cellar atmosphere 239
d T  p  (Ip 
' d l "  f) dt
^ J  ’  ' / d T  ,,  dp\ . , ,‘'ll- - w
where p  is prossuro, C,) is spoeilic heat, at cnjistaiiii volume, x is mass absoiptiou 
coeffieiciiit- and djdt is tlu‘ mobile o()enitor. Suj>p(mijig tiiat peiiurbation iji 
the temperature of a imilonii medium is denoted h y  f) and usin^ tlu' Iioussin('sf| 
ecpifltion of slat(‘
Sp
- a(L ■ .* (7)
and foll()^ i^ll  ^ Ihdbuw (lt)70), ^^'e td)T.am llic lm('ai r/(‘d peiim bat loiMorm ol ((i)
a-s
, do  4-ttx ,., ., , d
- e ;  v"'-,
f  (/'-]■ / f j  -V"(a) 0, . .  (8)
111 eq. (8) f l  — (d T Id z )  is Mie tmn|jeiatun’^ ; r^ad]eiit and is liie tliri'e-dimi'ii- 
sioJia-l Laplaeian opfuaitoi’. lien', v^e nst' i Im eai li'sian eooidijiales \\itJi r,-axis 
in the veitieally upward diieetiou.
'rakiii)^ : lnU> aeeounl. the- tiniteness ol tiie ion La,rmoi radius. t,li<^ compiumts 
oL the stress timsor Pare sji;iven liy (Itoberfs S: Tayloi', 11HJ2)
I
/Oil Oii\
[do , dw
I d a  0e \
h> 1 /J*'o I ,9a-/’
I d  -w , O u
(»)
■HZ ' rv
dPzz — dp
, jd to a .\
> - U a d c ) J ’ ■
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lioi'Ci 1 lu^  s(ialar pait of tlu ‘- iirljatioii iu j)jossuro ‘p  and p v ^ —^
N ^ T j\to ip , o jjj IS t,lu^  ioii-oyi«{iiioii JiLupicnoy. wlulo A'' and T  ai‘i  ^ jv.spoclivoly, 
(Im‘ uiimboi’ ([(‘nsity and (oinporaLiJO of’ ions.
I'siny o((s ( t) and (i)) and laking oiua^  tin* (■urJ oJ oq. (5) and iavico llu* eujJ o1 
i'[{. (,‘i). wi) finally oljtain llm (ollowdng linnari/xal p(ntnrl)ztion rtpiations ;
Oh, n dfr
Or. lIS'-llz-
I "
\ 4ttN i' I ')■-
(iO)
O i
()l
< K ,
<1: .
o 0!l
Oz
... (11)
iTC - I 01- (hr
4n,> * ' - ' ^ 7 , -  ""
. . .  ( 1 2 )
d,^ *^  (If/
O'^ i) fVO \ , // d ,,
V ""’ '/»( -1- ;ira ) -r-'V '"- i -7—-  7u V “/'s
4 7 T p  (Iz
... (I:i)
In llios(* rqiiid-ions "^a-iid ari‘, lospct'l ivol> , tJio vn^licaJ (’onipoiuails < j vorlic ify  
and l lio i-m iTiil donsity indin.cd hy iln  ^ pi'rtiu liad ion in //.
l^ ]q (S) a.nd (lO )-(i:)) havr- to hr sohaal sidijrc't lo lln *  appm pjiati* hnmthaiy 
^•ondltjons. Hiac nc*. considoi' tin* rasi* in \\lii(*li hotJi (In* l)ouinlaiios aie ijo r  
and t lu‘ niodinni ad )oiidng 1 lu‘ llmd is non-condiiri ing Tho rasr of Jr(a‘ hoiindai u's 
IS sijiiplrst. inal lu*mjiti(*ally, as also t Ju' mosl a])])ro])iia.l<‘ loj' stjrllar a.i iiiospliojos 
(Spir,g(d ll)(in). Tin* boundary rondilions Uiad rnusi h(‘ salisiicd by vr. 0. Land  ^
ai*(‘ ( ( niandrasrkbar. UHJl)
0. 0 (I
dr: 0,
d-/r
Ol'^
. . .  ( M )
0 and h  i*s ronlinuoiis with an (\\ttnnaJ va('ruin li(‘ld.
d. UlSPJi’li.S]o\ K.1.1.ATJON
W’o sook solid.ions ol‘ llu*. t^ qs. 
wliosii dopnndonn^ on s])in*(‘ coordiiiatos (;r. y ,z )  and limn t is id tlLc Ibrm
i!xp{f;(«/).oxi>(/va: sin (15)
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where hz is an integral multiple of n  divided l)y the tliickiu\ss cd‘ the hiiid hiyej', 
k  — [l^A^~\~ky^-\-kj.'‘)  ^ and n  is the lio(|ueucy oi the ]KTturbati(ui.
Eliminating hz and 0  Irom (u]s (8) and (]0 )-(ll3) A\e obtain an equation 
in w  whicli, wlien expression (15) is used, yields the disjMu'sion relation
[ [ {n ) X { r  ( A ) 4- ( « 4- «) } -f
+h^V^(n+7ri-“)(/> -f 7i!*Sy— >
[ ( n + v F ) { ( „ ) ' ) ^ (V f ] H-
{ ( , . + „ i r +  .) « - - = ) + « v - ' = ( J l ) Y —  0 . (16)
(/a(/f/-|-A/) I Pwkero ] ’ =  ^ J l ( J H •-’"■f' ) . t'“
k -  (Jr, \ K~ /  47T/)
att/. /, ,
'v
Tlu  ^ tdTeets o f viseosily and resist.ivily uJu negligibli^ in niany eases ol ast j’ophysical 
interest'. Sotting ?/ - 7' -  0, the dispersion ndation (J(i) rednec's t.o
/?/ I’A’INti- 1 /!.///“ 1 d,// i d„ — 0. ... (17)
wdiei
... (18) 
... (19)A ,  -  « l ; , ' ( S . - . » « , ) { 2 P ‘ + 2 t ‘ ( j ; | j ) ’ +  ) .
. 1 . .  V i w { ( j 5 ^ )  V
^  =  k ^ ^ R ( 8 T - p a S ^ ) [  { F H  ) y +
... (21)
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-  In
(23)
(24)
(22)
J/f
K(iuiUd<m (J7) has a positive real root, leailing to uioiiotouieiiistabiliiy.il (aS'// —
' ’ 0 wiiieli is ])i’eeis('l\ 1 ho luaiditiou (2).
W(‘ thus (iouehule tlial the euudition I'oi iiisiahilitv^Huiiaiiis uiiaffoetecl by the 
p]'(‘se.uee o n iie  (hTei'ls ot i‘(i;Uiou. magne.ie held. Jj' L.K. and Hall eunriits.
\
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